Structural equation modeling (SEM) consists of two parts, namely measurement model, which measures a relation between indicators with latent variables and structural model that analyzes the relationships between the latent variables. In General, the researches about SEM assume that relation among latent variables are linear. If the relation between latent variables is nonlinear than the function has to be estimated. Two exogenous and an endogenous latent variables models can be written as follows ( , ) = +
Introduction
In general, structural equation modeling (SEM) assumes that, the relation between latent variables is linear ( [1] , [2] , [3] ). Most in social cases, the relation among latent variables is nonlinear [4] . Some researches have investigated about the nonlinear relations on SEM, namely quadratic and interaction effects that have been reported such as, Lee and Zhu [5] , Lee and Song [6] , Lee, Song and Lee [7] , Lee, Song and Poon [8] , Bollen and Current [9] , Lee and Tang [10] , Wall and Amemiya [4] , Klein and Muthen [11] , Mooijaart and Satorra [12] . Moreover, a polynomial SEM was also studied by Wall and Amemiya [13] . Meanwhile, the nonlinear relations of two latent variables using Griffiths-Miller's function was studied by author Harring [14] . However, previous research on nonlinear SEM, is generally a quadratic and the interaction effect between latent variables. In facts, nonlinear functions is not only quadratic, or interaction effects.
Therefore, this work aims to investigating the parameter estimation of nonlinear structural model. The nonlinear is indicated with a change the relation pattern between latent variables, which differs in the certain range. It uses the spline function to estimate the parameter of nonlinear structural model. Some researches about the spline function in nonparametric regression could be found in Fernandes, Budiantara, Otok and Suhartono [15] , Lestari, Budiantara, Sunaryo and Mashuri [16] , Wibowo, Haryatmi and Budiantara [17] , Budiantara, Ratnasari, Ratna and Zain [18] , and Sudiarsa, Budiantara, Suhartono and Purnami [19] . The proposed function involving knot was able at obtaining the information of the relation between latent variables which differs in the certain range.
Measurement and Structural Models in Structural Equation Modeling (SEM)
SEM modellings are as follows: the measurement model describing the relationships between indicators and latent variables and the structural model explaining the relationships between the latent variables, Wall and Amemiya [4] . Wall and Amemiya [4] formulated the measurement model in general form i.e. = + z Λh e
(1) where z is a vector p+q of observed variable which was called indicator, Λ is a loading factor matrix, ( , ) ′ = h η ξ is the vector of latent variables and e is error. Bollen [3] defined the general structural model following = + η Γξ ζ (2) where η and ξ are the vectors of endogenous and exogenous latent variables respectively, Γ is a coefficient matrix that measures the linear relation of latent variables.
In many cases vector z as described in Eq. (1) is divided in two parts, the exogenous indicators x and the endogenous indicators y. Fig. 1 shows the path diagram for two exogenous latent variables and one endogenous latent variable. 
where x is vector (p1+p2)n×1 of the indicator of exogenous latent variable, x Λ is matrix (p1+p2)n×2n of loading factor, ξ is vector 2n of exogenous latent variable with ( ) , 
The Eq. (7) can be written as η f ξ ,ξ ζ (9) η is vector n×1 of endogenous latent variable, ( )
f ξ ,ξ is functions of exogenous latent variables 1 ξ , 2 ξ and then ζ is vector n×1 which contains the error structural model.
Parameter estimation of nonlinear structural model SEM
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The main investigation of this work is to estimate parameters and functions in structural model as mentioned in Eq. (9) using spline approach. Prior to conducted an estimation, it was necessary obtaining score factor each exogenous latent variable, 1 ξ , 2 ξ and endogenous latent variable η.
An Estimation of Factor Score
In modelling of the relation of latent variables in structural model is needed factor score. In this study it was used from an estimation of latent variable in each measurement model. The method applied for the estimation of factor score was a weighted least square (WLS) that minimized the sum of quadratics error, which was weighted by a matrix inverse of error variance. Ordinary least square (OLS) method, was assumed that all elements of 1 − Θ should be similar. In WLS It was weighted by matrix inverse of error variance whose the objective was to solve if the assume was not fulfilled. The method WLS, which was applied was assumed that loading, { , , } = 
Eq. (11) is similar to zero that found the estimation of factor score for 1 ξ which is given by 
The same way as previously described, Eq. (15) results the estimation of factor score η, which is given by 
The Estimation of Nonlinear Structural Model Using Spline
The spline function, which has an order m, with knot points at 1 2 , ,..., K κ κ κ is defined as any function f written in form of
where , 
Referring to model (21) and (22), Eq. (19) can be written into 
Proof:
Given the relation model between latent variables is ( , ) = + 
